Summary Previous work has shown that extensive mammographic dysplasia in women aged less than 50 was strongly associated with breast cancer but that the radiological appearance of ductal prominence was not associated with risk. In the present paper we examine the association between these mammographic signs in the breast and histological patterns in the terminal ductal lobular unit (TDLU), the region of the breast where breast cancer is believed to originate. Surgical biopsies from a consecutive series of women aged less than 50 were reviewed and classified according to the histopathology of the epithelium in the TDLU. Mammograms from the same subjects were independently classified according to the extent of the radiological signs of dysplasia and ductal prominence.
Several reports indicate that classification of the mammographic pattern of the breast provides information about risk of breast cancer (Wolfe, 1976; Krook et al., 1978; Gravelle et al., 1980; Carlile et al., 1985) . Most of these reports have used the classification proposed by Wolfe which is based on the radiological signs of ductal prominence and dysplasia. In this system, in the pattern associated with the lowest risk, designated 'Ni', the breast parenchyma is comprised mainly of radiolucent fat, and the highest risk appearance, designated 'DY', by the radiological appearance of 'severe dysplasia'. Two patterns associated with intermediate levels of risk are characterized by the appearance of prominent ducts in the breast parenchyma. These patterns are referred to as 'P1' and 'P2' and differ in the proportion of the breast volume that is occupied by prominent ducts.
In previous work, we have found that mammographic dysplasia was strongly associated with breast cancer, particularly when it extensively involved the breast in women aged less than 50 (Boyd et al., 1982) . We found, however, that ductal prominence was only weakly associated with breast cancer risk. These findings'are summarized in Table I . The data shown were obtained from a case control study in which 183 cases with unilateral breast cancer were individually age matched with controls attending a screening centre. Mammograms from the non-cancerous breast of the cases were randomly assembled with those from the controls and classified, without knowledge of which came from cases or controls, according to the proportion of the breast volume occupied by the radiological signs of dysplasia and ductal prominence. The data shown in Table I are from women aged less than 50 in whom mammographic dysplasia was found to be most strongly associated with breast cancer. A statistically significant linear trend was found between breast cancer and increasing replacement of the breast volume by the radiological changes of dysplasia, but no association was found between breast cancer and ductal prominence.
While there is an extensive literature describing the noncancerous histological changes in the breast that are found in (Cheattle & Cutler, 1931; Foote & Stewart, 1950; Wellings et al., 1975) and the relationship of these changes to risk of breast cancer (Warren, 1940; Kiaer, 1954; Black et al., 1972; Page et al., 1978; Hutchinson et al., 1980; Dupont & Page, 1984) , there is little information available about the types of breast histology that occur in association with the radiological changes that are considered to be indicators of breast cancer risk.
The objective of the work reported here was to examine the association between the radiological changes that are associated with an increased risk of breast cancer. Because our previous work has shown that mammographic dysplasia is a risk factor for breast cancer in younger women, we have confined this study to patients aged 50 or less. The histological classification used is based upon the appearance of the epithelium in the terminal ductal lobular unit (TDLU), the region of the breast that is thought to be the site of origin of breast cancer (Wellings et al., 1975) .
Materials and methods

Selection of material
The material analyzed in this study was selected from the files of the Department of Radiology of the Toronto Western Hospital. These files allow the identification of patients who have had both mammograms and biopsy of the breast. We selected a consecutive series of patients in whom both mammograms and a biopsy of the breast had been done and retained them if they were aged 50 or less, the interval between mammogram and biopsy had been less than 12 months, and no diagnosis of invasive cancer of the breast had been made. All patients who met these criteria were retained regardless of the findings on mammography or biopsy.
Histological slides and mammograms were classified separately and independently. Each modality was read 'blindly' with respect to the other, that is radiologists were not provided with any information about biopsy findings and the histology was studied without any knowledge of radiological findings. When more than one histological pattern was present within one biopsy specimen, the patient was classified according to the highest degree of disease seen. The classification used is a minor modification of that described elsewhere (Wellings et al., 1975) . Examples of each of the grades of atypia and ductal carcinoma in situ are illustrated in Figure 1 . Ductal hyperplasia is not illustrated. It displays moderately distended ductules lined by 2-3 cell layered epithelium with prominent cytoplasmic luminal 'snouts'. No examples of lobular hyperplasia or atypia were encountered.
Classification of radiology Films were separated from previous reports of either pathology or radiology findings, placed in new envelopes, and independently read by two radiologists who classified them according to proportion of the breast volume occupied by signs of dysplasia or ductal prominence. Examples of the classification as applied to dysplasia are shown in Figure 2 .
Statistical procedures
Concordance between radiological and histological methods of classification was assessed with Kendall's tau statistic (Kendall, 1955) . This statistic provides a measure of concordance between ranked ordinal data and can assume a value between -1 and + 1, indicating respectively perfect inverse and positive concordance. Proportions were compared with the chi-squared test and a linear trend in proportions using the chi-squared test for trend described by Bartholomew (1959) . Odds ratios were calculated using standard methods (Fleiss, 1973) .
Results
Characteristics of subjects
The mean age of the subjects included in the study was 42.5 years, range 30 to 50 years, standard deviation 4.96 years.
Distribution of mammographic and histological findings Table II shows the distribution of patients according to the extensiveness of the radiological signs of dysplasia and ductal prominence, and according to the histopathology of the TDLU. According to radiologist 1, 55% of subjects had mammographic dysplasia occupying more than 50% of the breast volume, while in 76% of subjects ductal prominence occupied less than 10% of the breast. Radiologist 2 classified 34% of films as showing dysplasia in less than 50% of the breast and 43% as showing ductal prominence in less than 10% of the breast. About one third of the biopsies showed some evidence of ductal atypia, but only 3 showed severe atypia and 1 showed ductal carcinoma in situ. In the analyses that follow, we have initially combined all grades of ductal atypia and ductal carcinoma in situ into a single category.
Association of epithelial grade and mammographic dysplasia Table III shows the association between histopathology and the extent of mammographic dysplasia in the breast from which the biopsy was obtained. The histological classifications shown are those of HJ. The radiological classifications shown are those of GC, identified as radiologist 1 in Table  III , who also generated the data given in Table I . Only two (10%) of the 20 biopsies from women with less than 10% of breast occupied by signs of dysplasia showed evidence of atypia compared to 17 (45%) of the -40 biopsies from women with radiological dysplasia in more than 75% of the breast volume. Statistical assessment of Table III as a whole showed that increasing degree of histological abnormality and the extent of radiological dysplasia were significantly related (Kendall's tau B = 0.177, standard error = 0.667; t=2.64; P<0.01). A more detailed examination of the relationship between histology and radiology is shown at the foot of Table III . The odds ratios shown indicate, in each category of dysplasia, the probability of observing atypia or hyperplasia in a biopsy. The odds ratios were calculated by dividing the ratio of atypical (or hyperplastic) to normal biopsies within each radiological category by the ratio found in the category of least extensive dysplasia.
The data show that there is a statistically significant association between the probability of finding atypia in a biopsy and the extensiveness of dysplasia in the breast from which the biopsy was taken. A biopsy from a breast with more than 75% of its volume occupied by dysplasia was 9 times more likely to show atypia and 3 times more likely to show hyperplasia than a biopsy from a breast with less than 10% of the volume replaced by dysplasia. Despite the statistically significant trend statistic the gradient in risk was not entirely monotonic across categories of mammographic (b) The cell population is pleomorphic. This is graded as mild ductal atypia (x 190 Reproducibility of results All results were reanalyzed using the classifications of a second radiologist and are shown in tables V and VI. While the results of the second radiologist differed quantitatively from those of radiologist 1, and failed to achieve statistical significance for the association between mammographic dysplasia and atypia, they resemble those of radiologist 1 in showing that ductal hyperplasia with atypia was associated more strongly with the extent of dysplasia than with the extent of ductal prominence. The value for Kendall's tau for the overall association of degree of histopathology with dysplasia was 1.45 (0.10<P<0.20), and for ductal prominence was 0.45 (P<0.50). The x2 for trend for the association of histologic atypia and the extent of dysplasia was 1.9 (0.10<P<0.25).
Discussion
The associations found by radiologist 1 in this study between mammographic and histological indicators of breast cancer risk in women aged 50 or less conform precisely to those expected from the earlier case control study in which this radiologist classified films (Boyd et al., 1982) . Mammographic dysplasia was found to be associated with risk of breast cancer and was here found to be associated also with histological changes that confer increased risk. The mammographic signs of ductal prominence were found to have no association with breast cancer risk and were here found to have no association with histological indicators of risk.
Although similar associations were seen using the mammographic classifications of a second radiologist the strength of the association differed and did not reach statistical significance for the second reader. These results thus provide further evidence that radiological dysplasia is a risk factor for breast cancer, at least in younger women, and provide a biological explanation for the association of this mammographic sign with cancer risk. Further, if the view is correct that breast cancer usually arises in the region of the TDLU, then it would not be expected that a radiological sign that is caused by the deposition of fibrous tissue around major ducts would be associated with risk of breast cancer.
The results of this study resemble those of some previous studies. Ingleby & Gershon-Cohen (1960) in their work on the relationship between histological and radiological appearances of the breast showed that the histological appearance they called 'adenosis', which was characterized by intraductal hyperplasia, was associated with diffuse or nodular opacities on mammography which could be either localized or generalized and which have come to be called 'dysplasia'. The histological entity of 'adenosis' was believed by Ingleby & Gershon-Cohen to resemble the lesions described by earlier workers, including Warren (1940) and Kaier (1954) , as being associated with an increased risk of breast cancer. Wellings & Wolfe (1978) , using a similar method of grading the breast epithelium that was used in this study, also reported an association between the higher risk histological patterns and the P2 and DY mammographic patterns that Wolfe had earlier described as risk factors for breast cancer. The finding by these workers that the P2 pattern was related to degree of histopathology thus differs from our findings concerned ductal prominence and may be explained by Wolfe's inclusion in the P2 category of some classes of homogeneous density that other radiologists usually classified as dysplasia (de Waard & Rombach, 1987) . Fisher & coworkers (1978) compared the histology of the breast in women with breast cancer and women with breast cancer and women with fibrocystic disease and were unable to find any epithelial appearance that was particularly associated with any mammographic appearance. However, the selection as a comparison group of women with nonmalignant abnormalities sufficiently suspicious to warrant biopsy may have obscured distinctions that would have been present in a less highly selected population. Bright et al. (1988) described an association between mammographic densities and intralobular fibrosis in premenopausal women and epithelial hyperplasia or atypia in postmenopausal women.
None of these studies, however, provide any information about the histological changes that are responsible for the radiological appearance of dysplasia. There is some evidence that they are caused by changes in the stroma of the breast (Fisher et al., 1978) , where they appear to be under hormonal control, as evidenced by the changes in the radiological appearance of dysplasia that have been observed after use of the drug Danazol (Asch & Greenblatt, 1977) . If the radiological signs of dysplasia are indeed caused by changes in the stroma of the breast, then their association with epithelial atypia and breast cancer risk may represent reactions in different tissues to the environmental agent(s) responsible for breast cancer.
The present study provides no information about the relationship between histological and radiological appearance in women over the age of 50 and contains only very limited data on the distribution of severe epithelial atypia in the TDLU in relation to mammographic pattern. This latter shortcoming is particularly important because the evidence that degree of histopathology is related to cancer risk is especially strong for severe atypia (Dupont & Page, 1985) . The frequency of severe atypia in the group of biopsies examined in this study suggests that a sample at least 5 times the size of this one (i.e. a minimum of 700 biopsies) will be required adequately to examine the relation of severe atypia to radiological dysplasia.
Further information about the tissue changes that are responsible for mammographic dysplasia and clarification of the relationship of severe epithelial atypia to mammographic dysplasia may provide improved methods for identifying individuals at increased risk for breast cancer and ultimately provide a basis for the development of preventive strategies.
